Introduction
Addiction (see Glossary) to drugs of abuse has emotional and financial tolls on society, cutting across ages, races, ethnicities and genders, with increases in mortality, morbidity and economic costs. Broadly defined, addiction is a chronic relapsing disorder characterized by a compulsion to seek and take drugs, a loss of control in limiting intake and emergence of a negative emotional state during withdrawal [1] . The addiction cycle involves elements of both impulsivity and compulsivity and is composed of three stages: (i) binge/intoxication; (ii) withdrawal/negative affect; and (iii) preoccupation/anticipation (craving). The study of the neurobiological bases of addiction and relapse has significantly progressed, but to date few treatments are known to reverse the drug-induced neuroplasticity changes that convey the vulnerability to relapse (reviewed in [2] ). Understanding the neuroplastic changes that underlie the relapse stage of addiction can help generate better treatment options for addiction.
The ability of the brain to generate new progenitors continuously throughout adulthood may have important implications for addiction. Broadly defined, progenitors are the progeny of stem cells characterized by limited self-renewal and can survive and mature into differentiating cells, such as neurons and glia, in the brain. There are two main neurogenic areas in the adult brain: the subventricular zone (SVZ) that lines the lateral ventricles in the forebrain, which contain progenitor cells that give rise to neurons in the olfactory bulb, and the subgranular zone (SGZ) in the dentate gyrus (DG) of the hippocampus that gives rise to granule cell neurons (Figure 1 ). Neurogenesis has also been shown to occur in the neocortex [medial prefrontal cortex (mPFC); Figure 2 ] [3] [4] [5] . Emerging evidence suggests that alterations in the rate of adult neurogenesis and gliogenesis in these brain regions contribute to the regulation of drug taking and drug seeking, particularly in the hippocampus and cortex. Therefore, this review focuses on altered plasticity in these regions that results from drug self-administration, and considers recent findings that implicate alterations in neural and glial progenitors in the phenomenology of drug abuse.
Hippocampus and mPFC: roles in drug taking and seeking Animal models have been developed that parallel the three stages of the addiction cycle and include various paradigms Review Glossary Addiction: chronic relapsing disorder characterized by a compulsion to seek and take drugs, loss of control in limiting intake and emergence of a negative emotional state during withdrawal. Compulsivity: behaviorally defined as the persistent re-initiation of habitual acts in responding in the face of incorrect responses in choice situations or preservation of responding in the face of adverse consequences. Drug craving: is the desire for the previously experienced effects of a psychoactive substance. This desire can become compelling and can increase in the presence of both internal and external cues, particularly with perceived substance availability. Drug dependence: in animal models, manifestation of a withdrawal syndrome. Drug relapse: reinstatement of drug seeking in previously detoxified individuals. This can occur in individuals after detoxification and long periods of abstinence, despite sincere efforts to refrain; behavior can be provoked by stress, cues or contexts previously associated with drug use. Impulsivity: behaviorally defined as a predisposition toward rapid, unplanned reactions to internal and external stimuli without regard for negative consequences. Negative reinforcement: process by which removal of an aversive stimulus (e.g. negative emotional state of drug withdrawal or a footshock) increases the probability of a response. Place conditioning: a procedure whereby the effects of drugs are paired with distinct environments, and the animal changes its subsequent preference for that distinct environment. Positive reinforcement: a process by which presentation of a stimulus (usually pleasant; e.g. pleasurable effects of a drug) increases the probability of a response. Reinstatement of drug seeking: animal model that investigates relapse to drug seeking. Learned self-administration behavior is extinguished by explicit nonreward, and subjects are later tested for their ability to reinstate drug-seeking behavior (e.g. lever pressing in the operant chamber) in response to a priming stimulus (i.e. drug, cue, context or stressor). Self-administration: arbitrary instrumental action, such as lever pressing, to gain access to positive reinforcers, such as food or drugs of abuse.
